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Abstract 
The National Center for Research on Earthquake Engineering (NCREE) in Taiwan has implemented the 
static pushover procedures for the detailed seismic evaluation of school buildings. In the pushover 
analysis, the hinge properties of columns, beams, brick walls and RC walls are carefully calibrated based 
on the full scale experiments conducted in NCREE in the past ten years. Additionally, auxiliary modules 
for calculating the hinge properties have been developed by NCREE researchers to enhance user 
friendliness. This could allow engineers to more accurately apply available commercial software. 
However, when the auxiliary modules are applied to commercial software, the user must first define then 
assign the sections to the corresponding columns, beams, brick and RC walls in the text-based files. 
Without the graphic user interface, errors have commonly been found in cross-platform operations. The 
Platform of Inelastic Structural Analysis for 3D systems (PISA3D) has been developed since 2002 in 
NCREE. PISA3D provides a friendly user interface and high computational efficiency for engineers and 
researchers to simulate the nonlinear systems under various kinds of load effects. In order to resolve these 
issues noted above in the application to commercial software, NCREE has customized the nonlinear 
structural analysis program, PISA4SB (Platform for Inelastic Structural Analysis of School Buildings) 
specifically for the school building structures. PISA4SB allows the user to conveniently construct the 
analytical models for typical low-rise school buildings. After the gravity load analysis is conducted, 
PISA4SB automatically incorporates the column axial loads in calculating the parameters for the multi-
linear fracture material properties of any plastic hinge. PISA4SB evaluates the capacity curve and 
computes the seismic performance point based on the given design response spectrum provided by the 
user for the school building site. Engineers can conveniently apply PISA4SB to complete the seismic 
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evaluation of a school building without cross-platform operations. The detailed development and example 
applications of PISA4SB are illustrated in this paper. 
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1. Introduction 
Taiwan is situated in an earthquake-prone zone on the Pacific Rim. Although earthquakes are 
common occurrences, the majority cause little or no damage to buildings and infrastructure. However, 
destructive earthquakes can and do occur. On September 21, 1999, the Chi-Chi Earthquake centered in 
Central Taiwan destroyed nearly half of the school buildings in the area. Overall, the powerful earthquake 
damaged over 600 school buildings. Fortunately, the earthquake occurred in the early hours of the 
morning, when campuses are unoccupied. Had the earthquake occurred during normal school hours, the 
catastrophe would have been much more serious, with enormous casualties in the student and educator 
population. The scope of the damage resulting from the Chi-Chi earthquake demonstrated the need to 
evaluate and reinforce the seismic resistance of existing school buildings. 
 
For the purpose of upgrading the seismic resistance of school buildings, detailed seismic evaluations 
of the school buildings using pushover methods with programs such as ETABS or PISA4SB are 
conducted. Afterward, from the results of the pushover, retrofit designs are implemented. 
 
In this investigation, the school building located in southern Taiwan is analyzed using static 
pushover procedures in PISA4SB. The properties and materials of the sections of the structures are 
tabulated in NCREE-09-023 (Chung et al. 2009), which was previously compiled when the same building 
was analyzed using ETABS. Through pushover analyses using PISA4SB, the seismic resistance 
capacities of the buildings in two directions are determined. The results of the analyses are compared to 
the requirement for the location and to the results provided by NCREE-09-023. 
 
2. Platform Of Inelastic Structural Analysis For School Buildings, PISA4SB 
2.1 Detailed Seismic Evaluation 
 
The detailed seismic evaluation method proposed in NCREE-09-023 is the simplified nonlinear 
analysis procedure and is based on the capacity-spectrum method proposed by ATC-40 (ATC 1996). The 
capacity curve of capacity-spectrum method is generated by subjecting a detailed structural model to the 
lateral load patterns and then increasing the magnitude of the total load to generate a nonlinear inelastic 
global force-deformation relationship for the structure. In the detailed seismic evaluation method, the 
First-Mode Method is adopted, with the assumption that the first mode is proportional to the height, and 
uses a single load vector as the nodal load pattern. The accuracy of the capacity curve is dependent on 
how well defined the hinge properties of the components are. Accordingly, the load-deformation 
relationships of nonlinear hinges in beams, columns, brick walls and RC walls are proposed by NCREE. 
These hinge properties are tabulated in NCREE-09-023 and are carefully verified with experiments in the 
past ten years. After the pushover analysis has been conducted, the global force-deformation relationship 
is transformed to spectral acceleration and spectral displacement as the capacity spectrum curve. 
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According to the capacity spectrum curve, an effective period, Teq, and effective damping, ȕeq can be 
obtained. Finally, the seismic capacity of school buildings can be specified with the peak ground 
acceleration of the performance point, AP, which can be determined from the corresponding performance 
point on the pushover curve. 
2.2 A Need of PISA4SB 
 
Many commercial programs such as ETABS, SAP2000 and MIDAS can process nonlinear static 
analyses which are also called pushover analyses. In order to facilitate the promotion of the method of 
detailed seismic evaluation, PISA4SB was developed by NCREE based on PISA3D (Lin et al. 2009) to 
help the engineers in the following two aspects. 
 
Time Effectiveness 
 
As noted above, auxiliary modules for calculating the hinge properties have been developed by 
NCREE researchers to enhance the user friendliness. This could allow engineers to more accurately apply 
commercial available software. However, the user has to define the model by two steps. First, the 
Moment Resisting Frame (MRF) has to be constructed to obtain correct axial loads of columns. Then, the 
user has to add the equivalent trusses on the model to simulate brick walls. In PISA4SB, the user can 
define the entire model with equivalent trusses in the first step. The module iSet can automatically run the 
gravity analysis without equivalent trusses to obtain the correct axial load of columns and then to 
calculate the hinge properties. Additionally, when the auxiliary modules are applied on commercial 
software, the user must first define then assign the sections to the corresponding columns, beams, brick 
and RC walls in the text-based files. Without the graphic user interface, errors have commonly been 
found in cross-platform operations. In order to enhance the accessibility of the user interface and to 
reduce the error in operation, PISA4SB not only provides the GUI for the user to define the sections but 
also supports the function of importing text-based files. Occasionally, sections are entered into the 
PISA4SB .ipt file in a text format, which is then imported, since this expedites the process compared to 
imputing sections using the GUI option in PISA4SB. 
 
Financial Cost Effectiveness 
 
In Taiwan, some professional engineers do not have licenses for certain commercial software. 
PISA4SB is free for engineers and researchers on the domain of the Taiwan school building seismic 
retrofit program. Therefore, professional engineers can not only apply PISA4SB to learn the detailed 
seismic evaluation but also execute their project when previously unable. The program is available now 
and can be downloaded from the web site (http://pisa.ncree.org.tw). 
2.3 Development of PISA4SB 
 
Based on the object-oriented framework of PISA3D, PISA4SB derived from PISA3D was enhanced 
using the following four modules. 
2.3.1 iBuild 
 
As shown on Figure 1, iBuild is a special function that provides structural model templates to allow 
the user to conveniently construct the analytical models for typical low-rise school buildings. The user 
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can specify the basic building, including the number of stories, the height of story and brick wall, floor 
dimension, number of classrooms and the type of corridor, to construct the numerical model of PISA4SB. 
2.3.1 iSet 
 
The user can define specific sections (Figure 2) for PISA4SB for columns, beams, brick walls, RC 
shear walls. Furthermore, iSet, shown on Figure 3, can be executed to help user to do the following jobs.  
 
 
 
Figure 1: iBuild. 
 
Figure 2: Section for PISA4SB 
 
Figure 3: iSet 
 
Automatically run the MRF analysis 
In the detailed seismic evaluation, an equivalent truss is adopted to simulate the horizontal behavior 
of a brick wall. However, for correct axial loading of the columns, the gravity analysis should be 
completed without any equivalent trusses. When applying commercial software in the past, the user had 
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to define the MRF without equivalent trusses in the first step and, after the gravity analysis has been 
performed and the hinge properties have been defined on each component, the user had to then add the 
equivalent trusses to the original model. As a result, the user had to define the model in at least two steps. 
In PISA4SB, the user is able to define the entire model with equivalent trusses in the first step. iSet will 
automatically run the gravity analysis without equivalent trusses to obtain the correct axial load of 
columns and then to calculate the hinge properties. 
 
Automatically calculate the hinge properties 
According to the special-purposed sections for school buildings defined and assigned by the user, 
after the gravity load analysis is conducted, iSet of PISA4SB will automatically incorporate the column 
axial loads in calculating the parameters for the multi-linear fracture material properties of any plastic 
hinge. The nonlinear material Fracture02 of PISA3D is adopted to simulate the nonlinear behavior of the 
structural elements. After iSet has been performed, the section with nonlinear materials will be derived 
from the original model to generate the corresponding commands of PISA3D for analyses. As Figure 4(a) 
shows, the different colors of sections change corresponding to the material properties (Figure 4(b)) they 
represent. On the other hand, the color also represents the failure mode of the element the user is 
considering. 
  
 
 (a) Before iSet                             (b) After iSet 
 
Figure 4: The display of the consideration of failure modes 
 
Automatically calculate the maximum lateral capacity 
According to the force groups defined and assigned, the user can select one of them to output the 
summation of the lateral capacity. After the iSet has been performed, the lateral capacity of the force 
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group selected by user will be outputted. The user can judge and check to see if the result of the pushover 
analysis is reasonable by comparing the lateral capacity to the max base shear. 
2.3.3 iReturn 
As illustrated above, numerous sections comprised of many materials will be generated in PISA4SB 
after the iSet has been performed. In order to adjust the model easily in the future, different sections are 
assigned to different members according to the different axial loads. iReturn can restore the model back to 
the original status before iSet has been performed.  
2.3.4 iRead 
Once the capacity curve is found and required information about the school building is entered, 
iRead (Figure 5) converts the capacity curve into the capacity spectrum, calculates the PGA curve (AP 
versus Roof Displacement), and then automatically checks the performance point by three criteria 
including strength, drift ratio and stability to report the proposed value of AP. 
 
 
Figure 5: The user interface of iRead. 
3 Seismic Evaluation Of School Buildings 
3.1 Introduction Of School Buildings 
The school building investigated is located in the southern Taiwan. The floor plan of the example 
model is characteristic of common school buildings in Taiwan, with classrooms side by side and a long 
cantilevered corridor running along one side of the building. This layout (Figure 6) contains four 
classrooms spanning 12 bays, or three bays, each. Typical of school buildings in Taiwan, the building is 
constructed with brick wall partitions and windowsills that limit the effective length of the columns they 
are constructed against. The building does not have a symmetric floor plan in the long direction, with the 
first bay from the left, but not the right, occupied by a restroom. The stairwells on both sides of the 
classrooms are different sizes as well. The asymmetric floor plan of the building causes the building to 
bend during the pushover analysis in the short or Z-direction.  
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Figure 6: The front elevation view of the school building. 
3.2 Numerical Model of the Example Building 
 
In order to make the comparison to NCREE-09-023, the pushover analysis of the example building 
conducted in two directions, down the long side of the building, positive X-Direction, dubbed X(+) , and 
in the short direction away from the corridor, negative Z-Direction, dubbed Z(-), is presented in this paper. 
The numerical models in PISA4SB have been constructed as Figure 7. 
 
  
 
(a) Model for X(+) Direction                   (b) Model for Z(-) Direction 
Figure 7: Numerical models in PISA4SB. 
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3.3 Evaluation of the Seismic Capacity of the Example Building 
 
In this example case, the force group calculated in PISA4SB is defined as the first floor columns 
excluding the sections of the columns adjacent to brick wall windowsills due to the effects of a short 
column. As the mentioned above, the max lateral capacity obtained by setting the force group can be 
treated as the upper bound and can be used to help the user to judge the rationality of the max base shear. 
Considering the real boundary conditions of columns and beams due to brick walls and the strong 
column-weak beam effect, the assumptions are that all beams and columns possess plastic hinge 
properties, with the exception of the sections of columns adjacent to brick walled windowsills, and that 
beams that border the brick external walls and partitions remain elastic. For both directions, the pushover 
analyses are examined with the structure under the assumptions mentioned above. The pushover curves 
are shown in Figure 8, Figure 9. According to three criteria, including strength, drift ratio and stability 
proposed by NCREE-09-023, the corresponding ap of the performance points are listed in Table 3.1. 
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Figure 8: Case A Capacity Curve-X(+) 
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Figure 9: Case B Capacity Curve-Z(-) 
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Table 3.1 Pushover Results Comparison in two directions 
CASE Strength Max Drift Ratio Stability Vmax /Max Lateral Capacity AP 
CASE A-
PISA4SB Vmax = 4167 kN 1.33%< 2% Stable 97.5% 0.215(g) 
CASE A-ETABS Vmax = 4161 kN 1.33% < 2% Stable 97.4% 0.213(g) 
CASE B-
PISA4SB Vmax = 8300 kN 1.24% < 2% Stable 93.8% 0.402(g) 
CASE B-ETABS Vmax = 8124 kN 1.44% < 2% Stable 91.8% 0.418(g) 
 
According to the location, the seismic resistance requirements are determined by the required peak 
ground acceleration found by the following equation, AT = 0.4SDS = 0.28(g). In the standard of NCREE-
09-023, the performance point on the capacity curve has been determined by three criteria including 
Strength, Drift Ratio and Stability. Because this example school is for ordinary use, the user has to check 
the performance attained while base shear is the max value (Vmax) without story drift ratio greater than 
2% and instability on columns or 4 sides-confined brick walls. PISA4SB can automatically check the 
performance point using the criteria noted above. Upon the completion of the analysis of the example 
building and the comparison of the results, all performance points of the cases are determined and 
controlled by the criterion of strength, as both result in the conclusion that the example building requires 
reinforcement in the X-Direction, but has sufficient seismic capacity in the Z-Direction. 
4. Conclusions 
PISA4SB, developed in NCREE, is a customized and special-purposed software for engineers in the 
domain of the seismic evaluation of school buildings. PISA4SB can automatically generate the hinge 
properties and rapidly check the performance point. In the example illustrated above, having similar 
results with simple operations means PISA4SB is another good option as an analysis tool to run pushover 
analyses. In addition to the example in this paper, a number of applications have confirmed that PISA4SB 
is effective tool for users to engage in the seismic evaluation of school buildings research and practice. 
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